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(57) Abstract: The invention relates to 
a computed tomography apparatus (CT 
apparatus) for imaging by means of radiation 
having traversed an object to be examined (that 
is, directly transmitted radiation), as well as 
by means of radiation scattered by the object 
to be examined, which apparatus includes a 
radiation source (S), a detector arrangement 
(16) and a device whereby the radiation (41a) 
having traversed the object to be examined 
can be blocked at least to an extent that the 
intensity incident on the detector arrangement 
(16) does not substantially exceed the intensity 
of radiation (41b) scattered by the object (13) 
to be examined and incident on the detector 
arrangement (16). The invention enables 
the detection of scattered radiation (CSCT 
mode) which is not affected by crosstalk 
from the transmitted radiation, even when the 
detector arrangement does not satisfy severe 
requirements as regards crosstalk properties 
and/or is configured as a single-row detector 
arrangement. 
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The invention relates to a computed tomography apparatus (CT apparatus) for 
imaging by means of radiation having traversed an object to be examined (that is, directly 
transmitted radiation), as well as by means of radiation scattered by the object to be 
examined. 

5 A CT apparatus of this kind is known, for example, from EP 1 127 546. It 

comprises essentially a radiation source for generating a fan beam which traverses an object 
to be examined, as well as a two-dimensional detector arrangement which consists of a 
plurality of individual detector elements which are arranged in rows and columns in 
conformity with the length and the width, respectively, of the cross-section of the fan beam. 

1 0 The number of columns generally is substantially larger than the number of rows and the 

longitudinal dimension of the detector arrangement is substantially larger than its dimension 
in the direction of the width of the cross-section of the fan beam. 

The angle of aperture of the fan beam in the direction of its width (that is, in 
the direction perpendicular to the fan plane) can be varied by means of diaphragm devices. 

15 When the radiation having traversed the object to be examined (the transmitted radiation) is 
to be detected as well as the radiation scattered by the object, such a diapliragm device is 
selected that a comparatively small width of the fan beam is obtained. In that case the directly 
transmitted radiation is detected essentially by the central row of the detector aiTangement, 
whereas the scattered radiation, being directed away from the plane of the fan beam to both 

20 sides, is incident on the outer rows of the detector arrangement. 

In order to optimize the pulse momentum transfer spectrum, furthermore, a 
collimator arrangement which consists of a plurality of lamellas is arranged between the 
object to be examined and the detector arrangement, which lamellas subdivide the fan beam 
into a number of segments so that the detector elements that are situated in one column are 

25 struck by transmitted and scattered radiation from the same segment of the object to be 
examined. 

However, it has been found that the detection of the scattered radiation by 
means of in particular those detector rows which adjoin the central row (rows) is disturbed by 
crosstalk due to the incidence of the transmitted radiation which is significantly more intense 
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for given objects to be examined. This problem may become more serious notably when use 
is made of detector arrangements having a comparatively small width such as included in 
some known CT apparatus. 

If, moreover, single-row detector arrangements are used, generally speaking, 
detection of the scattered radiation is even impossible by means of such CT apparatus. 

Therefore, it is an object of the invention to provide a CT apparatus of the kind 
set forth whereby the radiation scattered by an object to be examined can be detected at least 
substantially without being affected by radiation having traversed the object to be examined 
(that is, transmitted radiation). 

It is also an object of the invention to provide a CT apparatus whereby the 
radiation scattered by an object to be examined can be detected at least substantially without 
being affected by radiation having traversed the object, that is, even when use is made of a 
detector arrangement comprising only one detector row or only a few detector rows. 

Finally, it is also an object of the invention to provide a CT apparatus whereby 
transmitted and scattered radiation (CT and CSCT mode) can be detected simultaneously 
when use is made of a multi-row detector arrangement, without the measurement of the 
scattered radiation being significantly affected by crosstalk from the transmitted radiation. 

In conformity with claim 1 the object is achieved by means of a computed 
tomography apparatus which includes a radiation source, a detector arrangement and a device 
with which (transmitted) radiation having traversed an object to be examined can be stopped 
at least to such an extent that its intensity which is incident on the detector arrangement does 
not significantly exceed the intensity of radiation scattered by the object to be examined and 
incident on the detector arrangement. 

It has been foxmd that the requhed degree of stopping is dependent essentially 
on the quality of the detector arrangement and notably on the crosstalk attenuation thereof as 
well as on the desired image quality. The less the crosstalk between neighboring detector 
elements or detector rows and the lower the requirements imposed on the image quality, the 
lower the adjusted degree of said stopping may be. 

A special advantage of this solution resides in the fact that the simultaneous 
detection of transmitted and scattered radiation can also be carried out by means of detector 
arrangements which do not satisfy severe requirements in respect of their crosstalk 
properties, so that additionally costs can be saved. 

It is to be noted that US 6,175,1 17 discloses a tissue analysis device which 
includes a beam-forming device for the analysis of substances in the breast as well as a 
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detector for the detection of radiation transmitted and scattered by the breast, a filter which 
comprises a number of areas which are transparent to radiation and absorb the radiation being 
arranged in front of the filter. Apart firom the fact that this device is not a computed 
tomography apparatus, this filter stmcture is provided for a detector arrangement which has a 
comparatively large surface area which cannot solve the problem to be solved in accordance 
with the invention, so that the cited publication is not considered to be of relevance. 

The dependent claims relate to advantageous fiirther embodiments of the 

invention. 

The embodiments in conformity with the claims 2 and 7 offer the advantage 
that the transmitted and the scattered radiation can also be detected simultaneously when the 
detector arrangement is suitably proportioned. 

The embodiment in conformity with claim 3 represents a particularly 
economical solution. 

The embodiments disclosed in the claims 4 and 6 can also be implemented at a 
later stage, while using limited means only, in already existing computed tomography 
apparatus. 

The embodiments disclosed in the claims 5 and 9 enable measurement of the 
scattered radiation at different angles relative to an object to be examined. 

Further details, features and advantages of the invention will become apparent 
from the following description of preferred embodiments which is given with reference to the 
drawing. Therein: 

Fig. 1 shows diagrammatically the essential components of a CT apparatus in 
accordance with the invention; 

Fig. 2 shows a first embodiment of the invention; 
Fig. 3 shows a second embodiment of the invention; 
Fig. 4 shows a third embodiment of the invention; 
Fig. 5 shows a fourth embodiment of the invention, and 
Fig. 6 shows a fifth embodiment of the invention. 

Fig. 1 is a diagrammatic representation of the essential components of a CT 
apparatus in accordance with the invention. The apparatus includes a gantry 1 which can be 

rotated about an axis of rotation 14 by means of a first motor 2. On the circumference of the 
gantry 1 there is mounted a radiation source S, for example, an X-ray source, which includes 
a first collimator 3 1 whereby a radiation beam 41 (primary radiation) can be generated. After 
said radiation beam 41 has traversed the examination zone in which an object 13 to be 
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examined is situated and/or after it has been scattered therein, it is incident on a second 
collimator 32 as well as on a detector arrangement 16. 

The detector arrangement 16 is composed of a plurality of detector elements 
which are arranged in the form of a matrix which comprises at least one row and a plurality 
5 of columns. The detector rows extend in the circumferential direction of the gantry 1 whereas 
the columns extend perpendicularly thereto. The detector arrangement 16 and the second 
collimator 32 are also attached to the gantry 1 . 

The object 13 to be examined can be displaced in the direction of the axis of 
rotation 14 of the gantry by means of a second motor 5. 
10 Using a first drive unit 31a, the first collimator 31 or the radiation source S can 

be displaced in a direction perpendicular to the plane of the gantry 1 . Alternatively or 
additionally, there is provided a second drive unit 32a whereby the second collimator 32 and 
the detector arrangement 16 can also be displaced in a direction perpendicular to the plane of 
the gantry 1 . 

15 A control xmit 7 is provided for controlling the motors 2, 5 and the drive imits 

31a, 32a, said control unit itself being connected to an image processing computer 10. The 
detector arrangement 16 is also coimected to the computer 10 which processes the detector 
signals and forms an image of the object 13 to be examined on a monitor 1 1 . 

As is also shown in Fig. 1, the radiation source S and the first collimator 3 1 

20 produce a fan-shaped radiation beam 41 (fan beam). The angle of aperture of the fan beam in 
the plane of the gantry 1 and the length of the detector arrangement 16 in the circumferential 
direction of the gantry 1 are preferably adapted to one another in such a manner that the 
entire length of the detector arrangement 16 can be exposed. The width of the fan beam in the 
direction perpendicular to the fan plane defined by the angle of aperture, however, is 

25 substantially smaller and preferably proportioned to be such that it covers only one detector 
row or only a few detector rows of the detector arrangement 16. 

Altematively, the radiation source S and the collimator 31 may also be 
proportioned in such a manner that a conical radiation beam is generated. 

In order to optimize the pulse momentum transfer spectrum it is again possible 

30 to arrange, as described in the cited EP 1 127 546, a collimator arrangement in the form of a 
plurality of lamellas between the object 13 to be examined and the detector arrangement 16, 
which lamellas subdivide the radiation beam 41 into a number of segments in such a mamier 
that the detector elements present in one column are struck by transmitted and scattered 
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radiation from the same segment of the object 13 to be examined. Therefore, the publication 
EP 1 127 546 is incorporated in this description by way of reference. 

The Figs. 2 to 4 are side elevations taken in a direction parallel to the plane of 
the gantry 1 (that is, essentially also parallel to the plane of the fan beam 41. These Figures 
5 diagrammatically show the radiation source the first collimator 31, the object 13 to be 
examined, the second collimator 32 as well as the detector arrangement 16. 

As can also be seen in Fig. 2, in the first embodiment of the invention the 
(transmitted) radiation 41a having traversed the object 13 to be examined is completely 
stopped by a central region 321 of the second collimator 32, so that it is no longer incident on 

10 the detector arrangement 16. The radiation 41b scattered by the object 13 to be examined, 
however, can reach the detector arrangement 1 6 without being obstructed, that is, via 
openings m the second collimator 32 which are situated laterally of the central region 321 . 

In the second embodiment as shown in Fig. 3 this object is achieved thanks to 
the fact that the detector arrangement 16 and the second collimator 32 (in as far as necessary) 

1 5 have been shifted laterally with respect to the (central) position shown in Fig. 2, that is, in a 
direction perpendicular to the plane of the gantry 1 and hence to the plane of the fan beam 41 ; 
they have been shifted to such an extent that the transmitted radiation 41a is directed so as to 
bypass the detector arrangement 16 and/or is incident on a region of the second collimator 32 
which is not transparent to this radiation. The scattered radiation 41b emanating from the 

20 object 13 to be examined is incident on the detector arrangement 16 via an appropriate 

opening in the second collimator 32. The shift of the second collimator 32 and the detector 
arrangement 16 can be realized in steps, by way of the control unit 7 and the second drive 
unit 32a, in order to detect and evaluate scattered radiation 41b with different scatter angles. 

In the embodiment shown in Fig. 4, however, the first collimator 3 1 is shifted 

25 relative to the (central) position shown in the Figs. 2 and 3 in a direction perpendicular to the 
plane of the gantry 1, whereas the second collimator 32 and the detector arrangement 16 
remain in the position shown in Fig. 2, so that the transmitted radiation 41a traverses the 
object 13 to be examined at an angle relative to the plane of the gantry 1 and hence is not 
directed onto the detector arrangement 16. The scattered radiation 41b, however, is again 

30 incident on the detector arrangement 16 via an appropriate opening in the second collimator 
32. In order to detect and evaluate scattered radiation 41b with different scatter angles, the 
first collimator 3 1 can again be displaced in steps in said direction by way of the control unit 
7 and the first drive unit 31a. Alternatively, instead of displacing the first collimator 31, the 
radiation sovirce S can be displaced in the opposite direction. 
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The above three embodiments enable unobstructed detection and evaluation of 
the scattered radiation 41b by means of a single-row detector arrangement as well as by 
means of a multi-row detector arrangement 16. 

The principles illustrated in the Figs. 2 to 4, in conformity with which the 
5 transmitted radiation 41a is blocked and only the scattered radiation 41b is directed onto the 
detector arrangement 16, can also be reversed if necessary, that is, in such a manner that the 
scattered radiation 41b is blocked at least substantially and the transmitted radiation 41a is 
incident on the detector arrangement 16. 

However, if the transmitted radiation and the scattered radiation are to be 
10 detected simultaneously, preferably the first embodiment as shown in Fig. 2 is modified in 
conformity with Fig. 5 or Fig. 6. 

The Figs. 5 and 6 are side elevations, at an enlarged scale relative to Fig. 2, of 
a part of a detector arrangement 1 6 which comprises a plurality of detector rows which 
extend in a direction parallel to the plane of the fan beam 41 . 
15 As opposed to the first embodiment as shown in Fig. 2, in the fourth and the 

fifth embodiment as shown in the Figs. 5 and 6 the central region 321 of the second 
collimator 32 does not completely block the transmitted radiation 41a, but partly lets this 
radiation through so that its intensity is only so high that the detection of the scattered 
radiation 41b is not influenced or disturbed by crosstalk from the transmitted radiation 41 in 
20 neighboring detector rows. 

To this end, the central region 321 of the second collimator 32 contains a 
material of an appropriate thickness which absorbs the radiation in the fourth embodiment as 
shown in Fig. 5. 

In the fifth embodiment as shown in Fig. 6 the central region 321 of the 
25 second collimator 32 is provided with an opening in the form of a narrow gap or slit 
wherethrough only a part of the radiation can pass. 

For the proportioning of the absorptivity of the central region 321 or the width 
and length of the opening in this region 321 the fact must be taken into account that, in 
dependence on the object density, the intensity of the transmitted radiation 41a may be a 
30 factor of from 1 0 to 1000 higher than the intensity of the scattered radiation 41b. The 

attenuation of the transmitted radiation intensity should preferably also be of this order of 
magnitude, so that the transmitted radiation 41a and the scattered radiation 41b are incident 
on the detector arrangement 16 with approximately the same intensity. 
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If necessary, of course, this principle can also be reversed when the central 
region 321 is arranged in the path of the scattered radiation in order to attenuate the scattered 
radiation 41b relative to the transmitted radiation 41a for some reason. 

A special advantage of the invention resides in the fact that it enables 
5 switching over between the imaging and evaluation on the basis of the transmitted radiation 
(CT mode) and the imaging and evaluation on the basis of the coherent scattered radiation 
(CSCT mode) during the examination of an object. Significantly better examination results 
can thus be achieved. This holds for diagnoses in the medical field as well as for the 
examination of materials. 
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1 . A computed tomography appai'atus which includes a radiation source (S), a 
detector arrangement (16) and a device with which radiation (41a) having traversed an 
examination zone can be stopped at least to such an extent that its intensity wliich is incident 
on the detector arrangement (16) does not significantly exceed the intensity of radiation (41b) 

5 scattered in the examination zone (13) and incident on the detector arrangement (16). 

2. A computed tomography apparatus as claimed in claim 1 , in which the 
radiation source (S) is arranged to form an essentially fan-shaped radiation beam (41) and the 
detector arrangement (16) comprises a plurality of detector elements which are arranged in 

10 rows and columns in conformity with the length and the width, respectively, of the cross- 
section of the radiation beam (41) in the detector plane. 

3. A computed tomography apparatus as claimed in claim 1, in which the 
detector arrangement (16) comprises a plurality of detector elements which are arranged in a 

15 row. 

4. A computed tomography apparatus as claimed in claim 1 , in which the device 
includes a first collimator (31) which is arranged on the radiation source (S), the radiation 
source (S) or the first collimator (31) being arranged so as to be offset relative to one another 

20 in a direction perpendicular to a propagation direction of the radiation beam (41) in such a 
manner that the radiation (41a) having traversed the object to be examined at least is not 
incident to a significant extent on the detector arrangement (16). 

5. A computed tomography apparatus as claimed in claim 4, in which the device 
25 includes a first drive unit (31a) for displacing the radiation source (S) or the first collimator 

(31) relative to one another in such a manner that scattered radiation (41b) emanating from 
the object (13) to be examined at different angles can be detected. 
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6. A computed tomography apparatus as claimed in claim 1, in which the device 
includes a second collimator (32) which is arranged between the object (13) to be examined 
and the detector arrangement (16) and includes a region (321) whereby tlie radiation (41a) 
having traversed the object to be examined is stopped at least partly. 

7. A computed tomography apparatus as clauned in claim 6, in which the region 
(321) is provided with an opening wherethrough a part of the radiation (41a) incident on the 
region (321) reaches the detector arrangement (16). 

8. A computed tomography apparatus as claimed in claim 1, in which the device 
is formed by a detector arrangement (16) which is positioned so as to be shifted in a direction 
perpendicular to a propagation direction of the radiation beam (41) in such a manner that the 
radiation (41a) having traversed the object to be examined is directed at least substantially so 
as to bypass the detector arrangement (16). 

9. A computed tomography apparatus as claimed in claim 8, in which the device 
includes a second drive unit (32a) for displacing the detector arrangement (16) in such a 
manner that scattered radiation (41b) emanating from the object (13) to be examined at 
different angles can be detected. 
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